Objective: To evaluate prevalence, clinical manifestations, laboratory abnormalities, treatment and outcome in a multicenter cohort of childhood-onset systemic lupus erythematosus (cSLE) patients with and without panniculitis. Methods: Panniculitis was diagnosed due to painful subcutaneous nodules and/or plaques in deep dermis/subcutaneous tissues and lobular/mixed panniculitis with lymphocytic lobular inflammatory infiltrate in skin biopsy. Statistical analysis was performed using Bonferroni correction(p < 0.004). Results: Panniculitis was observed in 6/847(0.7%) cSLE. Painful subcutaneous erythematosus and indurated nodules were observed in 6/6 panniculitis patients and painful subcutaneous plaques in 4/6. Generalized distribution was evidenced in 3/ 6 and localized in upper limbs in 2/6 and face in 1/6. Cutaneous hyperpigmentation and/or cutaneous atrophy occurred in 5/6. Histopathology features showed lobular panniculitis without vasculitis in 5/6(one of them had concomitant obliterative vasculopathy due to antiphospholipid syndrome) and panniculitis with vasculitis in 1/6. Comparison between cSLE with panniculitis and 60 cSLE without panniculitis with same disease duration [2.75(0-11.4) vs. 2.83(0-11.8) years,p = 0.297], showed higher frequencies of constitutional involvement (67% vs. 10%,p = 0.003) and leukopenia (67% vs. 7%,p = 0.002). Cutaneous atrophy and hyperpigmentation occurred in 83% of patients. Conclusions: Panniculitis is a rare skin manifestation of cSLE occurring in the first three years of disease with considerable sequelae. The majority of patients have concomitant mild lupus manifestations.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease that affects multiple organs and systems. Mucocutaneous involvement was described as initial manifestation in up to 81% childhood-onset SLE (cSLE) patients and in up to 100% of them during the disease course [1] [2] [3] . Chronic cutaneous lupus erythematosus was reported as first manifestation in up to 4% cSLE patients and in up to 10% during the course of disease [1, 3] .
Lupus erythematosus panniculitis (LEP) is a rare form of chronic cutaneous lupus erythematosus described from 2 to 5% of adult SLE [4] [5] [6] . In cSLE, LEP data are limited to few case reports [7] [8] [9] [10] .
Therefore, the objective of the present multicenter cohort study was to evaluate the prevalence of LEP and its possible association with demographic data, clinical manifestations, laboratory abnormalities, disease activity score, treatment and outcome in a large cSLE population.
Methods
This study was conducted in 10 pediatric rheumatology services in the state of São Paulo, Brazil including a population of 847 cSLE patients [3] . All patients fulfilled the American College of Rheumatology (ACR) criteria for SLE [11] , with disease onset before the age of 18 [12] . This study was approved by the Ethical Committee of University of São Paulo (CAPPESq number 09231912.2.1001.0068) and the consent from the patient for publication of these images was also obtained. The study was also approved by the others University Hospital participating in the present study. An investigator meeting was held for this study in São Paulo city to delineate the protocol according to the clinical parameters definitions and disease activity tool scoring. Investigators in each one of the centers, using the same specific database, conducted data collection locally. One or more rounds of queries were performed to check for accuracy and sort out discrepancies [3, 13] .
Patient's medical charts were systematically reviewed according to demographic data, clinical features and LEP characteristics, laboratorial abnormalities, therapeutic data and outcome. LEP was diagnosed by the presence of painful subcutaneous nodules or plaques in deep dermis and subcutaneous tissues. Skin biopsy confirmed lobular or mixed panniculitis with lymphocytic lobular inflammatory infiltrate in all patients [8] . Patients were divided in two groups with similar disease duration: cSLE patients with LEP (evaluated at LEP diagnosis) and cSLE patients without LEP (evaluated at last visit).
Descriptors of SLE Disease Activity Index 2000 (SLE-DAI-2 K) were used to define clinical manifestations [14] , and custom definitions as previously reported [3, 13] . Constitutional involvement included fever, lymphadenopathy (peripheral lymph node enlargement > 1.0 cm), hepatomegaly [based on physical exam with liver edge ≥2 cm below the right costal margin or imaging (ultrasound or computer tomography when available)] and/or splenomegaly [based on physical exam with palpable spleen or imaging (ultrasound or computer tomography when available)] [3] . Neuropsychiatric lupus included 19 syndromes according to ACR classification criteria [15] . Antiphospholipid syndrome (APS) was diagnosed according to the presence of arterial and/or venous thrombosis and antiphospholipid antibodies [16] .
Laboratorial assessment included complete blood cell count and urine examination. Anti-double-stranded DNA (anti-dsDNA), anticardiolipin antibodies (aCL) IgG and IgM were carried out at each center and the cutoff values were considered to be valid. Lupus anticoagulant was detected according to the guidelines of the International Society on Thrombosis and Hemostasis [17] .
Drug treatment data [prednisone, intravenous methylprednisolone, chloroquine diphosphate, hydroxychloroquine sulfate, methotrexate, azathioprine, cyclosporine, mycophenolate mofetil, intravenous cyclophosphamide (IVCYC), intravenous immunoglobulin (IVIG) and rituximab] were also recorded.
Statistical analysis
Results were presented as an absolute number (frequency) for categorical variables and median (range) or mean ± standard deviation for continuous variables. Categorical variables comparisons were assessed by Pearson χ-Square or Fisher's exact test. Continuous variables from cSLE patients with and without LEP were compared by Mann-Whitney test or t test as appropriate. Statistical analysis was performed using Bonferroni correction (p < 0.004).
Results
LEP was observed in 6/847 (0.7%) cSLE patients. LEP was the first disease manifestation in 1/6 cSLE patient (2.5 years before cSLE diagnosis), occurred at diagnosis in 2/6 patients and after diagnosis in 3/6 patients (with 5.5, 9.91 and 11.4 years after cSLE diagnosis) ( Table 1) . Painful subcutaneous erythematous and indurated nodules were observed in 6/6 LEP patients, and concomitant painful subcutaneous erythematous plaques in 4/6. Generalized distribution (including face, trunk and limbs) was evidenced in 3/6 LEP patients and it was localized in upper limbs in 2/6 and face in 1/6. Cutaneous hyperpigmentation and/or cutaneous atrophy occurred in 5/6. Histopathology findings showed lobular panniculitis without vasculitis in 5/6 and panniculitis with vasculitis in 1/6 (Table 1) . One female patient (Case 4) had sepsis and LEP as initial cSLE manifestation and she deceased before lupus diagnosis and prior to immunosuppressive treatment. Her biopsy revealed LEP associated with skin obliterative vasculopathy with positive serology for antiphospholipid antibodies. Figure 1 shows LEP with cutaneous atrophy affecting the back and limbs. Figure 2 shows details of LEP patient with subcutaneous nodules, cutaneous atrophic and hyperpigmentated skin. Figure 3 shows histopathology of a skin biopsy of a LEP cSLE patient.
Treatment for LEP included: prednisone in 5/6 (83%), antimalarial drugs in 4/6 (67%), methotrexate in 3/6 (50%), azathioprine in 2/6 (33%) and one patient used cyclosporine. Regarding response for LEP treatment, 3/6 had refractory LEP to glucocorticoid, anti-malarial drugs and immunosuppressive agents (cases 2, 5 and 6). These cSLE patients improved the recurrent painful subcutaneous erythematous nodules and plaques after IVIG (case 2), rituximab (case 5) and IVCYC (case 6). Regarding outcomes, skin hyperpigmentation was observed in 5/6 LEP patients, skin hypopigmentation in 2/6 and cutaneous atrophy in 5/6. LEP patients (n = 6) were compared with 60 patients without LEP (ratio of 1:10). These 60 patients without LEP were randomly selected of 841 cSLE patients without LEP and that presented same disease duration of LEP patients. Further comparison between 6 cSLE patients with LEP compared to 60 cSLE patients without LEP with the same disease duration Table 2) .
Discussion
This was the first study to assess panniculitis in a large cSLE population. LEP was a rare skin manifestation of cSLE occurring mainly in the first three years of disease.
The multicentric design with a large cohort of pediatric patients allowed a more precise evaluation of this rare lupus manifestation. All cSLE patients with suspect of LESP were included in the present study and the diagnoses were confirmed according to the histopathology findings. The limitation was the retrospective analysis with potential missing data and for this reason an investigator meeting was performed to standardize the protocol study in all centers involved. The low number of cSLE patients with LEP observed herein was also the limitation of the present study. However to minimize bias, the comparisons of clinical manifestations, laboratorial abnormalities and treatments were performed in both groups assessing same disease duration, with a ratio of 1:10 (1 cSLE with LEP, 10 cSLE without LEP patients).
Importantly, the diagnosis of panniculitis in all patients was based not only on the typical clinical manifestations with nodules and/or plaques in deep dermis and subcutaneous adipose tissues, but it was also confirmed through histopathological features [18] . In fact, skin biopsy is essential to exclude other causes of inflammation of the fatty tissue, such as lymphoma, deep morphea, erythema nodosum and sarcoidosis [18] . Lymphocytic vasculitis may also be an additional and typical cutaneous histopathology abnormality in LEP patients [4, 5, 19] . Interestingly one of our cSLE patients had LEP associated with vasculopathy obliterans probably due to APS, as also described in two adult SLE [20] .
We confirmed previous observation that LEP in cSLE patients has a predilection for face [4] and we described that in half of our cases the distribution of skin lesions were generalized, a condition reported to be extremely rare [21] .
In our study children and adolescents with lupus panniculitis had a mild systemic disease, characterized by constitutional involvement and leukopenia. Indeed other studies observed that this cutaneous chronic manifestation might be an indicator of a less severe systemic lupus [4, 9, [22] [23] [24] .
Treatment for cSLE includes corticosteroids, antimalarial and immunosuppressive drugs [25, 26] , as also prescribed for LEP patients evaluated in this study. Depressed lipoatrophic areas were very frequent sequelae at cSLE diagnosis, reinforcing the concept that this residual scarring induces great morbidity associated with cosmetic abnormalities [4] . Hyperpigmentation and hypopigmentation are described in these patients and the former was more often observed in our patients [4, 5, 8, 9, 27] .
Conclusion
Panniculitis is a rare skin manifestation of cSLE occurring in the first three years of disease with a high frequency of sequelae. The majority of patients presented concomitant mild lupus manifestations. Availability of data and materials Not applicable.
